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IHE OVERLAND MOBILITY OF THE FORCES IN THE CANADIAN EIVIROSMENT

1.7 A veview of Cmdun activities in the field of dmlopuat of

/

3.

ailitary vehicles reveals a relatively low rete ot success in
producing equipcent to meet the needs of the Forces. The reasons
for failure vary from project to project and include ecomomic,
finsncial and managerial factors coupled with a tendency to pursue
too far thev fulfilloent of unrealistic opeutipul requirements.

A bighly siznificant factor commos to all development projects has

been the absence of a sound technological base from which to embark

on the development process. b

This ‘deﬂciency has been observed from time to time and, in certain
projects, development of basic technology vas undertaken in parallel
vith the equipment development program. As may be expected these
parallel programs rarely succeeded becauce the output from the

basic development vas not availsble in time to influence the equip-

ment developoment project.

Past fallures have geuerhted_an antipathy towards equipment develop- '
aent prograns and this is expressed 'in the‘resolve to buy the
vehicles nceded by the Force to meet its various cﬁtttmts fron
cogmercial or foreign sources. This procedure has considerabdle

validity in the short term, in the long term, hovever, it may prove

both c'ostly.and inefficient to the point of danger. There is
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‘ a0 assurance that, in the proceis of manufacturing vehicles for

coanerc lal users, Canadian industry vill develop a technology

which will enable them to meet the needs of the Canadian Forces. The
traditional foreign suppliers are concerned primirily with the needs
of their indigenous forces who operate in a very different ﬁhystcul
environnent from that found in Canada and will tend to optinize desigus
to meet their nationsl requirenents rather than those of the Canadian
Forces. To emsure an.acceptable degree of operntionai mobilicy ia

the Canadian enviromment the Canadian Forces must develop a technology
vhich will enable equ!pﬁent suppliers to providc vehicles to meet
their tGQultelﬁ;ts.

The provislon‘of # capability for mobility in the Canadian environ-
zent involves particularly difficult problems. There is very little
equipment available from any source and the technology is incomplete
and scattered. This applies particularly in the case of smaller

vehicles.

Therc {s an interplay between requirements and technology in that
the existence of a rgquirenent stinulates technological advauxce

and techrological advance stimnlates the development of require-
aents. This study i« concerned with the development of technology.
While this is obviously closely related to the development of the
equipoent to which it relates it has the broader aim of prcmoting
an understanding of the technology by users and eng#neets alike

50 that the process of formulating requircments and specifications,
evaluating equipsent and conducting or influencing dévelopaen:

activities may be soundly bused.
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: BACKGROUXD

1. The requirepents of the Canadian Forces for equipment to provide
sn scceptable degree of overland mobility are deternined by the
roles of the force. These are seat out In various official documents

sod include:

s. operations in support of the NATO alliance:
5. operations to maintsin natiomsl sovereignty. and

€. operations in support of UN peace keeping activities.

2. This study 1s conc'emeﬁ px;haruy vit"s technology for equipment for
saintaining national sovereignry and foc operations in support of
( - the KATO northern flank. In its role im ..upport of NATO operations
is central Eurcre uhere the l’orce. operates in a relatively conven-
tional fashion the equipaent necessary to 'providc the required degree
of mobility is probably best obtained from those allies which have
- sinilar operational requirements coupled with very much larger
.quantitative requirements. There will be some exceptions from
‘this general éan_vhere tt_;e balance between the primary and secondary
roles of the co-operating forces is wvidely different and these must

" be considered in a case Sy case basis.

3. The conduct of lani operations within Canada and on the NATO flank

in Noruvay mposei a set of operating condicions which are entirely
dtﬁeuat from those in Central turopé. In general the mobility

of vehicles designed for operation in unpeiate zones dininishes

...,‘
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os the scene of operations fs shifted uorthuwards in Csaada. It

- dvops to mear zero in the treeline region and rises somevhat again

ia the darrens There are, hovever, some massive obatacles in the
bactren lands which severely restrict mobility of any type o_f over~
land vehicle.

It sppears, therefore, that if the Canadien Forces are to be
capable of M:tiug sustained operstions of zowpany groups or
larger over sn erea stretching from sbout 200 alles south of the
treeline and northwards to the limits of Canadian sovereignty

‘wehicles designed specifically for operstion in this esvironment

will be required.

ﬁue are tews cmtties‘ vhich have simfler requirements. Sweden
has an abundance of heavily timbered fotnin in vhich conditions

are sinilar to some areas of eastern and vestern Canads. The Soviet
Union has vast aress in which conditions are similar to those im
Morth-central Cansda and the United States has a limited interest
centred principally in the Wercern Arctic where rather specialised
conditions prevail. Nooe of these countries is likely to afford

s very. fruitful source of technology directly applicable to the
Canadiun problem and if the Cauqlu Forces vant to achieve mobility
jo the Canadian North they are going to have to provide their owm

techaology and very probably their own equipment.

While it {s possible to state the requirement for mobility in the

geographic area in general terms there is dtfﬂcul}y in producing

..',,
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a8 specific statement in terms of tervrain and vehicls paraseters
vhich vill form the basis of concept forwulation and evaluation.
It £s ~lear that without such a descriptive systes the process

of design and development will remsin an arbitrary and expensive
cut and try process with the reasons for success or fatilure freq~-
uently sasked by extraneous factors. The starting point therefore
for any systematic technology base must be the definition of mobdfl-
ity requirements. When this is done the c.u-tuuu of factors

influencing wobility may be commenced.

Implicit in the concept of dmloﬁm a technology base ia the
exasination of the existing "state of art” and the institution of
sctivity to bring it to the level required. The 'state of art'
1n so far as it exists takes the form of published literature and
data and is normally gathered together in libraries or data banks.
A “state of'art' data base is the essential compenent of a tech-
nology base and to some extent the terms are synonymous. ‘It follows
that a 'state of art’ data base sust be establisted early in the

developsent of a technology base.

Canada pﬁueues an active off road yibiclc industry vhich pro-
vides equipoent for commercial use in morthern regions. The industry
produces a range of vehicles which have not shown a very marked
developaent over the past twenty yesrs and there is little indication
that the lt;dustty is oriented to new product development. Its

potential to meet military requirements needs to be established.

w»
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9. Any progran designed to ensble the Cansdian Forces to achieve
‘- mobility in the Canadfaa envirooment must first establish the
sobility requirement and thes define s state of crt dats base.

A program of work to augment the data base must Se worked out

and the ability of industry to assist must be determined.

. SECTION 2
- am

To define a Aprogrn to provide the technology base required by the Can-

adian Forces to achieve mobility in the Canadian environment.

~
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IME_VEMICLE DEVELOPMENT PROCESS

The sctivities favolved in the typical vehicle development pro-
cess are set out in Fig 1. The diagram expands the steps detveen
the formulation of the operatjional requirement and the selection
of & cencept and tends to coapress the sctivities beyond _chu
point. This bas been done to ezphasise the importance of the
esrly stages of the process and avoid umnecessary complication
ia the display.

The Operations] Requirement

The process starts with the acuuu{n of an operstional require-
sent vhich gets out the chsracteristics of the quipent as visual-
ised by the user and explains 1ts spplication. Typical of opers-
tional teﬁuirmts for vehicles in the category uader consideration

1s that for the Medium Marginal Terrain Vehicle for tha 1980's (MMIV 80)

- @)yvhich states in parc: “A high degree of mobility over sll types

of -lruui terrain fncluding deep snow, sand, muskeg, swvesmp, rock
strevn soil and areas of light tree cover is uinthl. Eaphasis

in dosign, hoviver, will cater for_éoud'ttiou which are most prevalent,
vinter and sunmer, in sreas of the undug North and North Norwey—-
~eawe, The vehicle sust shov s marked improvement over curreat
ailitary vehicles in slope cliabing, slope traversing and deep

show pert'omncc."
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This statecent, in broad and very general qualitetive terma asy

wvell be a fair reflection of the desires of the operstionsl ussi

of the equipaent, it ia hovever, insufficiently precise to forms thke

basis of either a development program or a prograam to determine the

suitability of candidate vehicles.

Defininz Parazeters

The firsc step vhich must be taken is to identify the terrain
and rel'a:ed performance paraseters in precise and unasbiguous
teras wvhich can be understood snd agreed by users, engineering
staffs and development agencies. The parameters when identified
sust be suitable forinbodhent in the apocificaﬁon vhich will
be used to control the development and/or evaluation of concepts
.or candidate eqﬁipﬁent. |

.

The problen is essectially that of establishing & mesns of com-

.munication so that users, DND engineering and test staffs and

potential contractors are able to communicate in a single precise
‘language vhich is clurlj understood by all. This may appear to
be a sozevhat simplistic statement, however, the discussion vhich

took place at the bidders conference on the MMIV 80 atd prodlems

. with development projects ia several couatries amply illustrate the

difficulties which arise from failure to express the requirements

" in & manner which can be understood by development contrac:ors.

oo




7.

MHission Profiles

An overall operational scemario is assumed to have existed and

to have been used in drafting the operational requirement. The
terrain and performance parsmeters which have been developed specify
the detailed requirements for the equipment and a series of mission
proﬁlcs covering specific operstions in limiting eud wt._ -initing
conditions is requiud to provide the framework of the concept
evaluation process. The mission profiles should emerge maturally
from the operational requirement and are used both at the comcept .
evaluation stage and later during test and evalwation. They should,

ia fact, form the basis of the user trials to be conducted later

 ia the devélopnent progran.

~ Bid Package

‘The performance, terrain, mobility and other mgiﬁnﬁ parsmeters,

" together vith the mission profiles are important elements of the

bid package vhich is passed to potentisl development comtractors.
From this informstion and other technical data the contractor fcra=

ulates his approach to the probdlea.

Concept Formulation

The response of potential development contractors to the bid

package is normally in the fors of a design concept or concepts
accozpanied by the supporting data called up in the bid package.
The detail .contatned in the concept and the utui and validity

,of the supporting data may be expected to vary considerably between

v

...n_o
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- m -
contractors and may depend upon whether or .nol the concept form~
wlation phase is fu‘nd_ed. The conceptual proposal, howvever, must

contain all the information vhich i{s required in the concept

evaluation stage.

‘In forzulating the concept the contractor sust define the form of
the vehicle and make a preliminary selection of cosponents to

be used in the development process. Apart from the specification
of certain items of hardware or minor components which may be
contained in the Mq package in tke interests of standardization
this is the first point ia t& process at which hardwere is

specified.

10. Concept Evaluation and Trade Offs

~

11.

The aﬁ of the process to this point has been to .yroduce- equipment
concepts vhich may be evaluated against the i1equirements and ranked
in order of merit. There is a wvide range of parameters which must
be considered in this process and comparstive snalysis of these

may be conducted by the use of matrices for each contributing factor
or group of factors,supported by mathematical modelling where
-apprdpr iate. The credibility of such analyses depends upon t'he
validify of the input and a critical reviev of uc-h contractozs

proposal i{s essential.

The evaluation techniques must allow the faput of trade off criteria
in the ficlds of cost and performance and assessment of the impact

of thcse on candidate ranking.

ooonl
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12. The main thrust of the prescnt study is in the area of mebility : Y
and it is essential that the input from the contractors in this
sres takes a form which will allow comparison by snalytical mesas ' E:f::__.j;'

and appraisal of the impact of trade offa. ' i

13. Design Analysis and Component Development

-

The selection of a concept(s) for development 1is made on the basis 0
of the concept evaluation. The component selection during the

concept formulation is based upon a projection of state of art -
as it will exist following further development. The first step : --*-
in the developaent process is the conduct of a detailed design ‘
analysis and the formulation of s component development activity

to real.se the projected ‘state of art improvement., There is ol!vtoﬁs

feed back from this analysis into the concept evaluation process. e -
14. Test and Evaluation
» . .
The prototype vehicles which are built duriang the development are A
_the expression of tne concept in terms of practical herdware. Tests
ar§ conducted to determine, among other things, the performance
of the prototypes. It is essential that, in designing the test » e
program and selecting the test facilities,the environment created '
is that defined in the missi~n profiles and specified in the bid
package » modified if necessary by experience 3alr’n§d during concept l;
evaiuation and development. The evaluation of test results should : -
" comparc predicted performance with that realised and explain differ-
ences. A decisfon on acceptance or rejection ‘or further devclopme;:t !—

veel12
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16.

‘17,
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is nsde on the basis of these deliberstions.

Data Bank

It 1s obvicus that throughout the development process there is
geed to refer to prior kmowledge and this is typified by the
examples of data bank imput in Fig 1. The data vhich is used

way be broadly classified as common knowledge,ss typified by the
sction of s simple wheel rolling on hard pevement,or state of art
as typified by the action of a pair of oblate wheels driving in
weak soil. It is unwise to believe that common knovwledge embraces
aﬁy significant state of srt information and the existence of a
data bank from which state of art inforsation on any ul.nct of

the dev.lopment program may be essily withdrawn is vitsl to success.

Discussion

A sioplified overview of the development process has been presented.
1t should be noted that the process of comcept mlutu;t may be
applied to existing hardware offered ajunu known silitary require-
ments. The application of such an mluatioﬁ should be mandatory

before a decision to buy and cri is taken.

The component selection and developunt' activities have been high-
lighted because component development can ,and does,exist as a
uparite activity. For this activity to provide the dest value
for noney and effort, howe.er, it is necessary that it be con-

ducted within the framework of a predetermined vehicle comcept.

eeel1)
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18. Consideration of the development process revesls a aeed for:

a, & means fo_r definiag terrain characteristics snd
vehicle parsmeters so that performance of a comcept
may be predicted,

b. & knovledge of the ability and potential of Cansdian
Industry to participate in the development process,

€. & rveadily accessible data bsse bearing on all aspects
of ;tnte of art in vehicle design, and

d. a standardised test enviromment compatible with che
terrain parsmeters defined in the tmiuuau defin~
ition stage.

These will be discussed later in the study.




SECTION &
TERRAIN CLASSIFICATION AID MOBILITY PREDICTION

1. There is a needyin the process of development or evaluation of
vebicles designed for high wobility, to define the terzain char-
acteristics in a form which will allow the prediction of the mob~

114ty of a conceptual design.

2. Great difficulty has been experienced in arriving at am agreed
definition of mobility and many groups of experts bave dexrived
hundred of hours qf ionocent enjoyment cut of manipulative semsntics
‘seeking a definition. There is now general agreemsant that the -

. éxlm speed made good Dy a vehicle detween two pofiats in a given

| terrain is a snitnbie measure of its intrinsic mobility im that
situation. (2).The factors whirh emerge from this definition as
;ovcrning mobility ares .
‘a. the enviromment cr;aud by the tm&_ln-
b. the design characteristics of the vehicle, and,

¢. the mission to be accomplished.

3. 1t is to be noted that these sace characteristics emerge from other

. definitions of mobility and any system of comparing or evaluating
the performance of vchicles must therefore provide for a means of
estimating or measuring the success of the vehicle in performing

" the nission in the environment created by the terrain. It should
_also desirably reveal the design features which limit or inhibit

the coopletion of ihc pission.

l"lls




1 " 4. There are three principal sjltm of terrain classification .

(or aescription) and vehicle wobility ptdictton in uwee at
present. They are:

' a. correlative systeas,

b. the US developed AMC 71 and AMM 75 mobility models, and

¢. the Swedish system.

S. Correlative Systems

. In this systen the performance of a vehicle is specified or weasured
by comparison with that of a standard vehicle in the designated '
terrain. As a ieheul rule quslitative terms are used to define
both vehicle and terrain and a typical specification might state :
"The vehicle shall have a performance in deep mw equal to that

! . of ---- (the standard vehicle)." On the surface this seeas a

V relatively si;ple definition and one wvhich csn be easily verified.
'S patch of soft snow is found and the candidate »\-vch:lcle together

o, with the standard are tested and a suitable parameter 'u qus;xred »

, - ' to define performance; this could be speed, drav bar pull, manceuver-
ability etc. Similar tests may be conducted in chet terrain types
and a pcrfomncé matrix established. Problems arise when the'
performance required is "better than that of ~——" and in this case
‘. the selection an_d measurement of performance parameters becomes

' critical.

6. The system has the major disadvantage of failing to provide

designers with specific guidance. To create and validate their

» concepts they must attempt to identify the characteristics which

ees/26




. control the performence of the standard vehicls and try to equal
or butter these in their caaccéz. The evaluation of the coucept

telies on the same technique but probably involves differest people

. who veigh the characteristics of the vehicles differently. The
process thus becomes dominated dy opinion which msay persist through

the prototype performsace test.

7. There is very little usable feed back from test and evalustion
because the reasons for the performance of the standard vehicle
were probably not clear in the vﬁnt case and the reasons for

success or failure of the test vehicle are even less spparent.

8. As there can be no validation of the concept until the prototype
s built and iétd the prudent developer tends to follov the
~. form of the standard vehicle particularly as vehicle form appears
‘ : to have a stgnifii:ant ?ttect on performance. Improvesents there-

. : - fore are restricted to component design and advance in state of

art tends 2o be slow.

9. AMC 71, A1 75 MOBILITY MODELS (2)

These are analytical models developed in the United States for

the cooputerized evaluation of the modility of ground mobility
systems. AMM 75 is the successor system to AMC 71 and was sched-
uled for refease in the fall of 1975. The definition of mobility
useﬁ in the models is that of Spéed sade good detween two points
in a spccif fed terrain and the output is expressed in inn per

hours with the "no gc" condition expressed as zero speed.

wesl1?
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11.

12.

13.

14.

T

10. In the applicatiin of the models sn operational scemario is

" created and the mission of the vehicle defined. The AMM 75

model provides for either the traverse of a predetersined path
through the selected area or the automatic selection of the best
path between two points in the arca. In either case the procedure

and inputs into the progranm are the same.

The area which the vehicle must traverse is divided into patches,
lisear features (eg streams) and road seganents cach of vhich is
assumed to possess uniform mobility Mimm characteristics
slong its length. The properties of each patch, including surface
composition and geometry, vegetation uﬁd the physical mature of
obstacles are defined by 22 wuticn.l. parsmeters. Additional
sumerical definition of lm@r obstacles and road segments is

required to cogp.ete the terrain input to the model. (4)

The model requires that the vehicle be defined in great detail
in terus of its inertial and mechanical chnricteristics. Provision
is also made for factors describing the drivers tolerance and

acuficy.

Fron these inputs the speed at vhich the vehicle will cross each
patch or linear feature is computed and the average speed along

the path through the sres is arrived at.

AMM 75 13 acknovledged by its designers to be incomplete in some ' )
respects and imperfect in wmost but is claimed to be a tool which, ! .

vhen used vith an sppticiation of its nuuat_ions. will provide a

...,18
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msans of gemerating quantitative engineeriag iniormation for use
by esgineers and users in establishing wobility criteria, deter-
uining and coaparing various concepts in specific terrains and the

fafluence of specific design changes on cross country performance.

15. Mo information is available on validation of AMM 75. Validation

trials on AMC 71 .-3icated an overall predictiom accuracy of

- - -
/ ] - 69.9% on traverse tests conducted s five sites using a mix of
! o g - tracked and vheeled vehicles. Anslysis of the results wvas clsioed
.'-i to show that accuracy would increase to at least 851 if corrections
’_'.:- to surface roughness and manoeuvre relstions were made (3].
.: -

16. The preﬁiction accuracy obtained varied widely between the various
computer modules. For example the ~'m co’ cﬁnﬂti«i for an
MI13A1 climbing a sand slope was predicted at 697 wbile the observed
1imit during validation tests was 33%. Similarly predicted speeds
in ihe vegetation submodel were generally 1.5 to 2.0 tiaeg faster
than the messured speeds. In other modules however, ressonsble

agreenent between predicted and measured values was obtained.

17. Swedfish Terrain Classification and Mobility Model (5)

The Swvedish terrain classification system has its origins in the
need of the Swedish Forestry Service for unifors descriptions of

terrain for the purposes of:

. 8. planning,
b. operations control,

¢. machine appraisal, and

d. work studies.
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18. The terrsin clustﬂuﬂon system identifies as its three pri-
mary elesents:
8. ground condtiions. including soil characteristics,
wvetaess and obstacle density, |
b. ground roughness, and
c. slope.

19. These three primary elcaents in any patch are assigned ratings
from 1 to 5 in ascending order of difficulty. Conditions judged
as lying between those defined by two sequential nusbers may be
identified in double digits by including both mumbers.

L )
- t‘ ' .
e w=h s sy oy W U9 WD OB

. : . 20. Swedish Vehicle Mobility Classification

i.' - . The vehicle nobility classification systeam derives from the ter-
™~ rain classification system and describes the perfbmnce of a
vehicle mericaliy in terms of its ability over ground conditions

\ - descrided by the terrain classification system.

'21. Mobility Modelling

The Swedish Army mobility model is a sisulation model designed
' . to simulate the movenents of arSitrafy vehicles or arfaitraty

| coluans of vehicles in arbitrary terrain environments. It pro-
) vides a means of selecting the mix of vehicles for different

wnits in various operational zones.




22.

The faput to the model is derived from s scemsrio depicting » .

typical nove over a specified route by s unit equippped with
specified vehicles. The output provides a representation of the
progress of the march at any time and s statistical presentation
of the march on its completion.

Discussion ’

Of tie three systens considered AMM 75 appesrs at first sight

to of fer a system of terrain description aad wobility prediction
vhich will best meet the needs of the vehicle development and
concept evaluation process. The Swedish system predicts the overall

mobility of vehicles and groeps of vehicles based upon the observed

' sobility characteristics of individual vehicles im speciffc ground

25,

conditions aud does not lend itself to the sclution of design
problens.

The complete AMM 75 model is very complex., It {s, however modulasr
in nature and the majority of the modules have a "stand alone”™
capability. The modules employ fnputs of terrain characteristics

vhich nay de measured by means of techniques which, if not univers-

~ ally accepted are at least well known.

zs.

The accuracy of the model in predicting vehicle mobility has not
been validated howaver, and the results of the validation trials

of AMC 71 are not particularly encouraging. The model in its

present forn accozodates input for only shallow snow cover and

appears to have only linmited capacicy for certain classes of

000’21 )
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27.
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ebstacles and some classifications of suskeg.

While the 'speed made good® definition of mobility is an excellent
one for genersl purposes one of the principal aims of developmeat
sctivity is reduction of the size of the “NO GO™ areas. . Interest
centres therefore on the near zero speed condition snd the assumption
is made that speed will be higher in less difficult conditfons. This
assusption 13 not always correct but it is essier,as s gemeral rule,
to identify vehicle/terrain parameters likely to limit vehicle

speed in less difficult conditions and to estimute their effect

than {t is to predict the location of the GO - NO co boundsry
condition. .

This leads to the notion that, in developing concepts, the design

~ point of the equipment should lie at the limit of performsnce

_ vequired in various terrain conditions. If this notion is adopted

it leads to the requirement for a mobility prediciton systea vhich

i{s accurate and responsive over a relatively narrow band of terrain'
conditions. It seems likely that much of the AMM 75 model would be
redundant in this_nntting condition and the accuracy and sensitiv-

ity of the applicable portions may not be adequate for the task.

28. As has been noted earlier the correlative systea does not provide

sufficfently specific criteria to allow the developuent and eval-
uation of vehicle concepts. Provided the standard vehicle ts care-
fully cho_sen. however, tpe system is capable of gletecflng the ceon-
ditions vhich tend to restrict or inhibit the mobility of the

...’22.




‘ vehicles it typifies. It thus may be ud' to locate limiting or
aear limicing conditfons in sppropriate terrain categories and
' these may be measured and defined in parameters suitable for

faput into AMM 75 or other analytical models.

29. The standard vehicle may thus be used to generate data to validate
or modify existing nodeis such as AMM 75 or to develop newv wodels
20 that the conditions at the linit of mobility msy be evaluated
in detail. Extensions of the modelling techaique. to provide -
dfagnostic output may be supported by field otlhbontory test
of the standard vehicle. |

- ) 30. The models thus developed may be used to determine fhc potential
' h ¢ of vehicle concepts with some deg;ee of assutanc.e that they have
‘ . ressonable accuracy vhen applied in the narrov band of conditions
: . for vhich they were designed.
)
-

31. 1t is possib.le that sure than one standard vehicle will be required

to cover the range required and the selection of the vehicle(s)

must be made with great care. They should possess characteristics
88 close as possible to those of the vehicles to be developed or
evaluated. The use of vehicle figs oi' subscale nod_ellting appear-,

to offer possibilities.

..‘,23




THE POTENTIAL OF CANADIAN INDUSTKY

1. The Indusrry

The great majority of the motor vehiclu' used in Canada are pro-

duced withia the country. The ~utomotive industry is U.S. comtrolled
and subsidiary companies produce equipment to US designs. As most of
the population of Canads iives within 50 miles of the US border and
most of the_vehicies are operated within this area, the performance
obtained 1s close.to that obtained in the Northern U.S. and this
appears to be comﬁud satisfactory. As the scene of .operatious

is moved northwards this bdecomes less tiu but uleguate performance

Seems to be obtained by a combination of personal ingenuity and

- rapid obsolescence. There has been no pressure since the Second

- World War for the manufacturers to develop a Canadian technology

base and they now rely exclusively on the U.S.: they have vtétuny

zero capability of undertaking independent research and dmleimén:.

2. The need to conduct transport operations in the North, primcipally
by oi'l companies, coupled with the problems of winter tramsportation e ]

in Jural Quebec led to the development of an off road vehicle

industry in Canacia. There are three major manufacturers and a number

of smaller companies many of whom receive government assistance e
in one i’om or another. The products range from small znowmobilcs :
to large tracﬁed vchicles capable of hauling gross train weights O
in the order of 200 tons. ‘ o ‘ ,____

..-,2‘




-2 -

3. The existence of a vide range of probless iavolved im moving over
the vide range of ‘tc'tuin types vhich exist iz the North has
attracted the interest of resesrchers in universities and there has
been sooe activ{:y in the aiu of terrain-vehicle inleraction. In
some instances relationships have developed between universities
‘snd manufacturers ludih; to co-opeutio.n in research and develop~
ment 6f vehfcle sud systems. There sre in addition a few consulting
engineering organizations which specialize in northers transportation.
These are principally operator orieantad and nﬂe a service to
equipment users. ‘ '

4. The large transport operators providing traansportation of personnel

G and materials in the North influence the vehicle ‘unnfncturen indix-

. ]
e —ew wss ves e G OO S5 M @

ectly by purchasing or not purchasing their equipment. They appesr

-

Tto have had little direct influence on design in whole or detail

since the vehicles settled into their present form in the 1950's.

5. Research and Development Potential

The process of feuatch, development and production of equipnent.
requires the participuion of research agencies and industry. The
DREO 1ntu_ and extra mutal ;rogra=s rogether with othét research
activity lmown to be in progress indicates the existence of a
limited basic research capability in the field. There is little
indication, however, of even a limited development capability in

industry ouuide of certain restricted fields.
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6. Before s program of research and development of technology im the o
field of northern mobility can be undertakea .be potential of industry :
must be detén!ned snd plans made to exploit or further develop .{...._
this potential dutj.n; the program. o
7. The type of program proposed should be of iuterest and value to .
both individual companies and the industry as a vhole and fts ®
uature should be explained when conducting investigations of indus-
. \ trial potenti-l. | -
2
8. Criteria for Evaluations
The following criteria ;hould .be evalusted during the investigation —-‘-...
of the potential of the off road vehicie industry: . . !.
{ a. interest in participating in equipment and/orx tech; . .
sology development, (consider past performance) .
b. aiéu of particular expertise or lnceres.g. (as claimed i .
by coupany) -
.c..' experience in field for which expertise 1s claimed or ::
interest expressed (as a corporate org;nization). . .
d. qualifications of individual staff members, including M‘f
acadenic qualifications, experience, and demonstrated o :,
expertise in field of interest, -
€. access to, relationship with and use made of research *l.....
. ‘ agencies such as universities and/or consultants, (These .
agencies shouid be assesscu separately) '-
f. parcicipation of corporate body or 1nd1vidualt {n pro- l_*
feasional or technical auocu::lons,(dist‘ln;v.lsh betwveen -
T ' e 26 b
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1.

pessive membership and active participatiomn, "MI'
presented to ISIVS or SAE etc may be a suitable
seasure),

extent of corporate data base (if any) and degree of
access to or utilization of ocutside data banks eg.
CANOLE, ORBIT etc,

mcreit in participating in program vhich would pro-

' wide sccess to a data base covering the technology

of off road vehicle design, (the measurement of interest
smst be the degree of effort compeny is prepared to
exert before expecting remunerstion), -

current research/development program,

expenditure on research/development as percentage of

gross revenue past five years,

possession of or access to laboratory facilities for
support of research/development sctivities and axtent

4-31' usage ,(describe nature of facilities), . 4
possession of or access to vehicle test facilities and
extent of usage ,(describe nature of facilities),

test at;d evaluation techniques for new vehicle systens
and sud systems, and

possession of or access to physical plant for the develop-
ment of components or the construction of prototype

vehicles.

...,27




9. Conduct of the Evalustion

It is suggested that the investigation snd evaluation process

should be conducted by a tesm drawn from the Departments of

Bational Defence, Industry Trade and Commerce and Supply and
V_ Services.
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Equipment develapaent is the process of spplying the kmown state
of art to the creation of an equipment designed to f1i1l a specific
requirement. Research fills gaps in state of srt knowledge and
seeks t; extend its frontiers. The two processes overlsp ia that

development frequently expands state of art knowledge and applied

research oay result in nev equipment.

In usdertaking either research or development it is mecessary at
the outset that a knoviedge of the applicable state of art exists
or is readily avauabh.. It is fallscious to -usm that state of
art knowledge is s common possession of engineers in industry or |
governzent service. A few individuals in both areu,'as s result

of many years of experience,have acquired ao extensive background

in eittain areas but they are linited in nusbers and scope and

frequently confuse state of art with folklore.

3.

The discontinuous nature of development ;ffor: in Cansda has
inhibitad the growth of a store of state of art data in either
individuals or organizations. As a result development activity
tends to start from a fety lov state of art data base and a dis-
proportionate amount of the funds available is spent in educating

the staff of the contractor in the art - it {s expected to apply.

: 000129
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4. If the development of technology and/ot equipment for mobility
in the Canadian environment is to be undertaken 'u is essential
that the current state of art be defined and that potential users

be advised of {ts nature, extent and applicabilicy.

5. foehucal 1fdraries already contain much of the data required to
form a state of art dats bese in this field and computerized data
banks have increased its accessibility and reduced search times. A
linited survey of the Land Technical Reference Library snd the
data bagses availsble to the DSIS sutomated information system
revealed ltttlc- overlap but many apparent gaps tn information

coverage. For example a search for information on off road artic-

ulated vehicles produced 6 relevant references cut of a total of
40 titles listed. The coverage of the references was not extensive
snd a further 5 or 6 (ainimum) applicable references which are

known to exist were not exposed.

6. The DSIS presentation is good and the system is responsive io the
users needs; considerable skill or experience is necessary hovever
to extract the maximum from the system. It appears that the data
bases it uses would need considerable augmentation if it is to

seet the requirements of a state of art data base in the mobility

field.

7. There {s a number of ways in which an existing data ase may de
augmented or a nev base created. The essential steps appear to

. be: ' . N

1) =
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9.

:aps as well as the extension of the coverage of the dats base forms

8. reviev the coatent of all nﬁ.u« and data bases
to vhich acceas caa be nM and 1dentify pertinent
data;

b. exanine most accessible bank (eg DSIS) for emhteuul
and srrange to augnent bases as necessary;

" ¢. determine areas where incomplete or insdequate data is

svailsdle,

d. advise potentisl users of the existence and content of
the data base, and '

e. srrvange for automatic addition of applicable new material
to data base.

It 1is to be expected that significant gaps will be fouod in the

coverage available from the reference sources. The f£filling of such
a priacipal objective of the ieclnology development progras.

The collection and cataloguing of applicable data is a somewhat
sterile process and the issue of a catalogue 1s not,in itself,
likely to dbe a sufficient stimulus to the potential user. There is
8 need tu {ssue a state of art review which examines available data,
reviews its applicability and in many cases its cudlbn.ity. and
estadlishes the connection between associated work. In areas

vhere gaps exist, either in state of art knowledge or in the pub-
-l,tsb'ed literature,the review must, as far as practicable, provide

suthoritative coverage.

c-ol‘l
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10. The structure of the reviev should follow the structure of the
data base and it should be writtem as the base is established.
Once published it should be reviewed periodically (ssy asmuslly)
and updated. The proposed chapter headings snd coutent for the
reviev (and heace content of the data base) are:
a. The Philosophy of Research sund Development ~ reascas
foxr R and D, categories of approsch, evolutionary and
revolutionary techniques, theory of limited advance,
law of diminishiag returus.
b. Eavironmental and Terrain Factors Influencing Design -
the Cudua enviromment, general geogrephic areas, the
geology of the morth, geoworphic factors, soil conditioen,
suskeg, snov conditions, the influence of vegetation,
tender soils, rivers and oituu‘. ice conditions inland
and coastal. |
¢. Terrain CIassification and Mobility Prediction - measuring
techniques for defining soil cluncu-_:uttc. and other
terrain paraneters, analytical models for predicting concebt
wmobility, the influence of varying vehicle parameters,
capsbilities and linitations of uytim. sud scale models.
d. Terrain Vehicle Interaction ~ tractive effort and motion
resistance, floatatiou.in veak soils, influence of soil
conditions and characteristics, obstacle classification, water
mobility, entry and exit problems, classic concepts of track
aad vheel, influence of grouser shape and size.
e, Vehicle Morphology - the development of vehicle forms,

historical influences, analogies in nature, limiting tech-

0esl32
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solegical factors, typical vehicle forms, the influence
of vehicle size, possible aress of development.

f. General Mechanical D?stn = space and weight requirements
for major components, vehicle layout, man machine relation-
ship. )

8. Running Gear ~ tracks vs vheels, unconventional wheels,
hydrid arrangesents, valking msachines, minﬁzy support
and progpulsion mechsuisms.

b. Alr Cushions - skirt design, influence of sspect ratio,
A/C vehicle capabilities and limitstions, hy_brﬂ forms,

N g

hflm_ of nucle.u“. future applications.

1. Trecks - track design, girder tracks, flexible tracks,
bend tracks, pisned tracks, rubber bushes, stremgth consid-
erations, grouser foras, typical cmtru;:tion, saterials,

lisits to use of elastometers, environmental impact, sprocket

front vs rear sprockets, track tension, track gviding, road-
. wheel design, roadvheel spacing. .

3. Suspension Design - suspension arrangement, independent sus-
peasions, compound suspensions, walking beams, load criteria,
wvheel travel, oscillation damping, types of dampers, active
suspension systems, influence of vehicle foru, permissable

levels of shock, spring rates, limiting terrain characteris-

tics, suspension as a sobility limiting factor.

k'. The Engine Compartment - selection of emgines, power require-
sents, load factors, fuel consumption, specific bulk, specific
weight, cooling requirements, parasitic power losses, cooling

. systen design, fan types and appltuitons. air flow in .

]
. h

the compartment, induction requirements, exhaust require- }
..‘n,

' : design, influence of pitch on vibuzton; sprocket fouling,
*




imu. typical engine compartment nnum. auxilliacy
drives. . .

1. The Drive Line - transaission selection, the influeance of
rolling tulltl.ace, transmission tybes. ssnual transmiss-
foss, sutomstic stepped transaission, torque converters,
hydrostatic traasaission, power splitting techniques,
"electric drive, typical transmission appltcatuns;

®. Steering Systems - Ackerman steer, wagon steer, articulated
steering, geared steering, track warp, the sechanics of
tracked vehicl_e steering, skid steering of vheeled vehicles

u. The Articulsted Vehicle - wheeled, tracked, modes of artic-

| vlation, articulation ruium:, steering theory, steering

¢ . sethods and mechanisus. '

a. The !ieétrical Systea - al&hzlm of power requivements -

> pover consuming devices, the function of the bdattery, battery
tjpu and c'nncterisiic.. charging systems, suppression
:cquujmnu and techniques. '

p..necilg for Low Temperatures —~ the starting problem, fuels '

sod lubricants, engine characteristics, battery types and
charscteristics, stand-by heaters, flash heaters, flame
primers, starting fluids and pginer systeas, selection of
i-;erlah. elastometers, plastics, metals, practical limits
for opeution with and wvithout starting aids, practical

(economic) limit of vehicle operation.

q. Design of Vehicle Structures - application of materials,

svoidance of panel drum, high/low modulus interfacing, weight/

cost relationships; framed structures, wmonocoques, body

A T
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m.' insulation.
¥. Luman Engineering - seating, vision, design and positiening
of comtrols, instrument panels, lighting, hesting, cooling,

ol s,
-

wibtaiion and shock limits, effects of very low temperatures.

8. Vibrations in Vehicles ~ suspension/terrain induced, wheel
or track to ground induced, drive line induced, analysis
of vibrations, technique of vibration control. :

t. Design for Maintemance - requirements of military systea,
veduction of maintensnce requirements, increase of servicing
istexvals, accessibility, power pack concepts, hardware
standazrdization, mtbf prediction, auto suslysis systems,

self ai.llysi_s systems, life cycle costing, msintemance
at low temperatures. '

8. Dnim for Value - cost enéinur‘in;. value eungineering,
influence of life cycle costing on selection of ‘components,

cost~value of weight reduction, influence of cost om enviror-

mentsl linfts.
v. Testing and Evaluation - the evalustion of design concepts,
metrix evaluation techniques, types of tests, test facility

- design, effect of sample size on validicy of results,

evaluation of test results.

.
'-----——.—
L
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secrion 7
A PROGRAM TO DEVELOP A TECHNOLOGY BASE

~

1. Assumption In developing this progras it has been sssumed that the
requirements set out for the MMIV 80 refle . the tn& of equipment
1ikely to be required by the Canadian Forces for the 1980-1990 period.
A vehicle meeting these requiremsats is likely te have a gross weight
of 15,000 15 or less and to possess an optimum combination of wmobil -y
characteristics in the srea ~xtending from 200 miles south of the |

treeline northwards to the limit of Canadisn sovreignty.

2. A prelininsry .sumy of the accessible data banks during the forz-
ulstion of the requirements for the data base propond. in Section 6
tevealed many aress where current state of art 1n£ou;tton is either
hmlcqute. or of dubious applicability to the type of equipment
likely to be required. There is a need, thetgfore, to generatc;
state of art data in many fields to sugment the proposed data ha-e.

A progr& of work to meet this requirement may be defined.

3. Proposed Program The first step in implementing the program :hou!d

be the establi-ﬂnent of a data base reprcsenting the current rel.: n
state of art following the procedure set oat im Section 6. This pre-
1iminary base will be incomplete in some areas and contaim mrtertal
of marginal relevance in others. The accompanying “State of Art
Review” should define these areas and indicate the work required to

bring the base to an acceptable level.
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4. The progras of further work vhich is set out in this section antici- -

pates the findings of the “State of Art Reviev™ and will probably
require revision as more detailed information bezomes available. It

1s considered that the revisions required are more likely to take

the form of additiors to thciproposed progran than deletions froo itr.

5. In the interest of being as specific as possible within the scope of
the study the program of work following the compilstion of the data ]

base has been divided into eleven projects, nine of which are '

defined in Projects 1 to 9 annexed to this section. The backzround )
to each project is described and the aim is defined; in most cases o
a wethod of achieving the aim is proposed. The nige projects are

described briefly below:

a. Project No 1 Terrain Classification and Vehicle Mobility SRR

Prediction This project follows the discussion in Sectfon 3 - ' 1

" of this study and seeks the design of mlﬁical zodels
capable of. predicting the performance limit of concepts o: = »
vehitles in specific lanadian enviromments. It 1&!0&“ch _ ) ! —~
the concept of a reference vehicle and proposes a stardard

form of mobility specification.

b. Project No 2 Develoozent of a Concept/Vehicle Evaluation

- System This proposes the development of a computer suppcsted

matrix evaluation system for evaluating candidate equiprenty

sgainst requirements. ) L -

' -00137
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¢. Project No 3 The Morphology of Vehicles for
the Canadian Environment This project postulates the

thesis that significant advance in mobility is more

mmj to be realized from improvements in thiclc forn

than ffo- development of subsystess and proposes an invest~
igation of the eifect of form on wobility to establish an

optimum foram.
Project No 4 Articulated Vehicles The prodadle influence
of srticulation mode and articulation xrestrasint on vehicle

mobility is pointed out and an investigation of the influence

of the coupling on vehicle design it proposed.

-e. Project No S Hybrid Vehicles A general 1m§stigation of
the potential of hybrid vehicles is proposed.

Project No 6 Suspension Systems It is suggested that the

requirements for the suspension system of an srticulated

vehicle arc different from those of'i rigid vehicle and

that simpler, cheapcr systems may be feasible: It is pro-

i.

posed that the requirements be determined and {llustrated

by ptjactical designs.
Froject No 7 Righ Frequency Vibrations im Vehicles The n.ol

‘.
to reduce high frequeacy vibrations in vehicles, particul-

arly tracked vehicles fs pointed out. This oust ke done-
It is proposed to investigate the

during the design phase.
causes and to provide design criteria for noise reduction.

Project No 8 Vehicle Terrain Interaction " This project covers
s broad ficld and could probably be divided into several

related sud projects. It prépoces investigation into many
+es /28
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aspects of vehicle terrain contact snd suggests that
the mechanics of an improved contsct should be established .

.\'
- - W

i_int folloved by detail design of grousers etc. It pre-

poses as a related study the establislment of track strength
criteris. ' _
_ 3. Project No 9 Test and Evaluation Facilities The sdoption of '
smslytical wobility prediction and comcept/vehicle evaluation » -

N

techuiques requires the crestion of controlled or standard
test environments for validatior of results. The project

proposes that certain specific facilities be provided. . 0. .

6. Two further areas of research and development are required. In
each casé there is ﬁ.ready a considerable state of art which require.
detatled study before the ptoje.cts can be formulated in detail. These _':‘; 1
are: | | ]
a. Project No 10 Design for Low Temperstures - N ;
Probable areas for developnent are: '

1) the improvenent of battery design,

11) the improvement of battery environment by the usc
of heated insulated battery boxes and use of heat ' P __

sinks,

111) the developmeat of criteria for the design and -
spplication of starting aids, : . - "

iv) the problems of interfacing never structural materials
(eg. F.R.P.) with rigid components in the embrittliny
enviromment produced by exireme cold and ;lith the
increased shock and vibration which accompanies

wehiclc operation in these temperatures.

eesl39
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v) the practical economic lower limit for temperature
of opexstion.

b. Pro]ect No 11 Transmissions and Steering The thrust here is

once again in the dirvection of articular.ed vehicle. It is
doubtful that a case can be made for the development of
transaissions, however, there is such room for the study of
‘spplication of commercially available compoments. Probable
fields of development are:
1) tl‘ application of electric or hydrestatic trans-
missions. . '
11) automatic engagement of part time vhydmutic drive
uloctaud vith track tension variation :I.n one ualt,
111) the steering of articulated vehicles, including revis
ion of steering kinemstics, the investigstion of the

foxces involved sad various solutions i;o the stcerir:

i
|
I
)
—_— . ' ' nob?.é.
|
|
i
|
|

.t‘ .
4 - ‘ ’ ‘ : ':j'.l




.

-

.§

-‘o-

PROJECT WO 1

TERRAIN CLASSIFICATION AND VEHICLE MOBILITY PREDICTION

1.

The development of vehicles for operation in difficult terrain
requires that the nature of the terrain be defined, and im partic-
ular that the characteristics of terrain features vhich limit vehicle
performance be described in a precise fashion. This requirement ha#
long been vecognised and work has been carried out by Parry and
others in Canada on technigques for classifying terrain primarily

in order to provide mobility maps. Extensive work carried out at

'be Ustervays Experinental Station and elsevhere in the United

States tesulted in the development of mlyuc.n_l ndeis by means

of vhich the mobility of a vehicle vithin a prescribed area may

be predicted in terms of speed made good between two points.

In designing a vehicle it is necessary to ule"ct poi:nts_on :hg
desired performance profile vhich will serve as design poinis. These
design points normally reflect the performance required of the
vehicle under limiting environmental conditions. The success or
failure ol the design depends largely upon the skill of individuals
in selecting the design point and estimscting the performance of

«andidate systems and subsystems in the enviromment thus defined.

The evaluation of the design is conducted by constructing a prototv;.

und evaluating under conditions judged as representing the desired

eeclbl]
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1imit (not necessarily by the designer). - Novel deaigns are

appraised by the corporate ¢'n of the potential user and his advisers
sod 1f judged worthy are subjected to physical evaluation. Opinion
reigns suprome in this process, am resolves differences of

opinion, and issues are frcqmntly. settled by agrc-m on semantics

. which may have little relevance to the problem. The process is

iwprecise and costly.

The AMC 71 aud AMM 75 mobility models developed in the United

- Sgates are clained to provide a tool by means of which, among

other things, a desigan agency cay predict the mobility of a
vehicle in a given set of conditions and assess the effect of
varying certain design paraseters. The validity of these clainms,

particularly in the limiting ca'us, is uncertain; validation trials

~. with AMC 71 do not inspire confidence.

- AM

- 5.

6.

To define an analytical model which will allow the accurate predict-
ion of the motility of conceptual vehicle designs in specified
limiting conditions.

The following conditions will be considered:
a. soft ground,
b. muskeg,

¢. deep snow,

."l‘z
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Request for proposal, medium margimel terrain vehicle (1980)
dated Jaly 9, 1975

The US Aruy Mobility Model (AMM 75) Jurkat et al Proceedings -
3th muoul Conference, Inujltiml Soclety for Terrain

' Vekicle Systems

Valideticn of the ANC 71 Mobility Eodel BG Schreiner and WE Well-
oughby. Procesdings 5th Internationsl Conference Socisty for

. Tezvein Vehicle Systema.

Tervata uo«ua; to Support Mobility Evaluation, AA Ruls snd CJ
Nuttal JR. Proceedings of Sth Iﬂterutienl Conference - Inter-
sstiocsal Society for Terrain Vehicle Systeas

Vehicle Mobility Modelling and Terrain, Correspondence Group visit
to Swedan th 1976 - Raywond N !ong McCGill University, Montreal




4. shallow snow
e. rough ground, -
£f. linear obstacles,

g. slopes in conjusiction vith soil/ssow comditions,
h. zoads,

1. vegetation.

7. The wvalidity of the ;hilosophy of design for limiting conditions
which assunes that if a wehicle can traverse a certain limiting

coadition it will have satisfactory performance in less stringert
cocditions,will be determined. '

8. For each of the terrain types liasted the limiting condition shall

be identified: this is the extreme conditiom which the projected

che KO GO condition. Identification should be carried out by
— physical survey ’condncted by representatives of the user agency
assisted by advisers. A reference vehicle ;s close as possible in
size and performance to that desired should be used to assist in
identification of limiting couditions and its performance recordcd.
The terrain parapeters likely to de required in the comstructiocn

of an analytical model should be recorded at both the desired
limiting conditions and the limit of the nfe'rence vehicle. Init- -
ially the expression of the paraneters should be compatible with

AMM 75, however additional messurements using other techniques

- should be taken. . (See Project No 9.)

eeddty
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10.

1).

12.

J4.

A suzvey of sobility prediction techniques should be untﬁ out
snd those considered sost likely to f£it the requirement for accurate
prediction at or approsching limiting conditiocns selected and eval-~

uated against the field results.

The applicability of AMM 75 should be appraised and the possibility
of adapting the relevant modules should be.investigated. If this
proves ismpracticable appropriate models should be designed.

Validation of the analytical models by field and laboratory tests
should be conducted. )

OUTPUT

nem———

The models are required to provide output which will allow the ap-
praisal of vheeled and tracked, single unit and multi unit vehicles

against s specification similar to that in Annex A to this project.

COMMENT

The method set out above is intended as a basis for discussion berw -
the technical director of the project and the implementing agency..

It indicates in general terms the steps that appear mecessary to
veach the desired results although not necessarily in the order

stated.

At first sight it appears that the intention is to duplicate the

work donc in the United States on AMM 75. This is not so. The
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intent 1s to provide a tool or series of tools which will allow

the prediction of the ability of a vehicle concept to croas a

clearly identified terrain type in cases vhere both the vehicle size
and terrain characteristic occupy a relatively swvall band of the

overall spectrum.

16. If necessary separate models may be provided for each terrain
type nd for uch vehicle form, the desire to combine the whole

process into ome elegant solution should be resisted.

17. Close control of :hé project must be maiotained to avoid a math-
emstical orgy leading to a result vhich lacks creditility because

nobody undcrstands it.

13;\m—e may be wide difference in the ratio of significance of the

|  Information ptcvidéd and thg- effort required to create an analy-
tical pndel to produce it. This factor requires close attention

. at the start and effort should be directed to areas vhere it is
wost ltkeiy to produce a useful result reasonably quickly. Tris
would appear to favoux; early work on prediction of soft ground
performauce. The complexity of snow cover ﬁll undoubtedly creatc
problens and 1nitially it may be necessary to generali.ze by assucine
that a concept having good performance over very soft soil will
probably perform well over deep snow. Taé rough ground characterisri::

of a vehicle nced very detsiled input om the vehicles physical

" character and much of chis is not availadble unt!l a great deal of .
design vork has been done. It may be necessary at the concept
_ -
o_../43
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stage to use the corporste eyeball to appraise the rough ground

characteristics using vhatever tool that can be dinlopd as a
design aid.

oo-,ﬁ'l:l.'l
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AMMEX A TO PROJECT ND 1

IYPICAL EXPRESSION OF PERde. SNCE REQUIREMENTS

1 .

1. This document sets out a typical statement of the performance
tequiresents for a vehicle for use in northern terrain. The def-
iaition of so_u and obstacle parameters must be éonpatible with o

» the requiradts of the mbility prediction system; those used

io this specimen are for illustrative purposes only.

In specifying the performance over weak soils the limiting cas: has

bee used. It will probably be found desirable to include also a

Tequirement to achieve stipulated speeds over sub limiting soil

conditions.

3. If a reference or standard vehicle is used in establishirg the
requirenents its performance should be shown either here or in a .

sizilar ‘wccompanying docunent._

REQUIREMENTS

4. Wecak Soils The vehiclc shall be capable of making a single pass

. . _ 7Y
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over level terrain having the !olm characteristics:
a. (Ucs type,v cohesive) scil having RCI (or RI) of ~——.
b. (UCS ;ype. frictional) soil having RCI (or RI) of ———-,
€. === (Type) Muskeg. '
d. —- ft of smAhaving density of -—-, -1 water content

and —-~ (other parameters such as C, § etc if applicable).

5. Slope Pe‘rforunce The vehicle shall be able to:
8. clinb s maxioum slope of 607 (say) at.- mph.
b. clind a slope of - at - mph on (ncs type, cohesive) soil
llying .ICI_ {or RI) of ~-.
c. clisb s slope of - at - mph on (UCS type, frictional) sc;i.l
lnvﬁ; RCI or RI of -. | '

4 d. 'd;nb a slope of - at - mph on - ft 62 deep snow having

density of -, -2 \nuz. content and —— (other applicable
characteristics). '
e. traﬁr;e and manceuvre on a maximum side slopc of 407 (say:.
f. traverse and manoeuvre on side slopes of -Z on (soils. deep

. soovw having characteristics --— described as above).

¢. Obstacle Performance The vehicle shall be capable of:

. 8. traversing a single obstacle having a heighf of - and

. width of ~.

b. traversing repeated obstacles having a height of - and
width of - at ~ spacing at - oph without exceeding - g ' '.‘_". j

neasured at the drivers seat.

¢. crossing sharp edged ditches having a width of -. ' !-—fé

cedld? RREN
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7. BRough Ground The vehicle shall be capable of traversing rough
- ground having sn RMS roughness of - inches st - -wph without exceeding -

« watts of absorbed power at crarlddvct seats.

8. Manoeuvcrability The vehicle shall be able to traverse a tree
covered ares having trunks of - diameter at 1 spacing of - &

- mph assuming adequate visibility.

9. Strean Crossing The vehicle shall be sble to cross streams having
the following charascteristics:
Depth - ft
Wdeh - ft
Velocity - fps
Entry bgnk slope - deg
Exit bank slope ~ deg

Vertical height of bank above water - ft

10. Foad Performance The vehicle shall have a waximum speed of - oph-

on smooth level road and a speed of - mph on a slope of -2.

11. Mission Capability 'l'hg vehicle shall be capable of completing the

mission set out in the acconp-itying ﬁission profile at an average
specd of not less than ~ aph with a fuel consumption not exceeding

= =pg.

4




BACKGROLY

1.

At

6.

‘Ret all characteristics have equal weight in. influencing the suit-

PPOJECT X0 2

DEVELOPMENT OF CONCEPT/VEHICLE EVALUATION SYSTEM

The process of selection of a concept for developuent or a vehicle
for acquisitiontequires that a system exist for comparison of the
characteristics of candidate concepts or equipments with each other
apd with a set of standards which represects the requirement. For

vaiid croparison the characteristics must be measured and expressed

in a standard fashion. o o

-

ability of a candidate. There are frequently certain areas in which ®. A
the failure to aeet a specified level of performance disqualifies A
the candld;tte from further consideration. The wéight of the char- ‘ _ :‘
nct&istics will vary between equipments intended for different _end ". E

use and even between the different roles of a single eqilimni:.
Some of the information requirzd will be produced by the wobility

prediction systén. other will be based on contractors estimfes

and some will result from measureuents taken during tests or trials.

To develop a standard method of evaluating concepts or vehicles

against specifications and requirements.

LY




(¥OTE: There are s number of possible approaches to

the problem; one is suggested below to illustrate
features which are likely to be cosmon to all

systess.)

5. Deteruine cl:aracterhtiqs vhich will influence the selection process

and define a standard seans of expression and measurement.

-J
L]

6. Escablish method of aistping weighting fsctors and likely ranges

>

~ of such factors. The sesns of defining mandatory requirements
should be dee;ded. ‘ -

Design Q}Qtﬁ for estimating concept/vehicle performance character~

istics under conditions imposed 'lvy typical mission profiles.

8. Design module matrices for comparison of characteristics or groups

‘of related characteristics eg. payload, speed and fuel consv  ‘on.

9. Design master matrix with computer program support to evaluate
(veighted) output from wmodule wmatrices and provide ranking of
candidates.

'10. The evaluation technique would obviously form an appropriate study

for operational researchers.

.o o450




11. The development of an evalustion system will not be easy. The
initial target is to provide s system vhich has more credibiliry

thsa the corporate eyeball technique and to improve from that base
systen. Developers must be prepared to compronise and avoid endless

- search for the perfect systenm.

12. The systen must be credible to the people vho are going to use it,
all steps shc 1d be visible and coherent. Provision for validation

of modules sw be uade.

3. Analytical models produced to support the system must allow easy
mod1fication to accowodate developing knovledge and changing
cigcunstances, .
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PROJECT NO 3
THE MORPROLOGY OF VEHICLES FOR THE CANADIAN ENVIRONMENT

BACKGROUND

1. ‘It is generally accepted that, since the introduction of the crawler

] _ ttacior. there has been very little a’vpncc in field of off road
' -obility. This applies {n particular to the development of capability
' to operate over weak soils. It is probable that the most .signiﬁuut
advance in the field of small vehicles occurred in the early 1950's
when the c.:.d-m Any introduced the concept of small articulated -
tnc_t- layers for employment in tree line snow conditfons. The concept
- . of ‘tandqa track arrangement involved a radical change in vehicle fora

and produced a dramatic increase in perfornmance of small vehicles.

A2. At the tine cf the original studies and trials it was apparent that
. . several forns of tandem track arrangement were possible, however full
investigation of all alternatives vas not carried out. There is
evidence that the curgen:ly conventional articulated vehicle arrange-
ment provides little enhancemeut of performance with large veh_icles
and 1:_:;’9&“ therefore that, in view of its higher cost it becores
less cost effective than the single track steercd véht;le. The
location of the cross over poi.ﬁt obviously varies with soil conditions
and probably 'vith the arrangement and coupling of the tandem tracks.
. - 1t should be moted that there appéars to be a second cross over with
~ very large vehicles: this probably 11&: outside the scope of this

project.

e lS2




3. The form and size of wehicles changes vhen vheels are used instead
of tracks and vhile it appears unlikely that wheelcd vehicles will

provide a comparable performance to tracks vithin the same physical ]

dimensional envelope there are probably cost advantages to be gained
by their use. Rolligon and terra tire concepts are worthy of

study vithin the context of small vehicles of novel forum.

4. Vehicles are imobilised in weak soils by increased motiom resistance

associated with sinkage. The motion resistsnce has a component . .'l]

vhich derives from the drag of the vehicle belly and which varies ’.”"':"j
. ~ 1o magnitude with & number of vehicle design factors. The fnfluence ' J‘
of belly form and design for minimum drag within a concept designed .
to derive a degrée of iuppott from this ela‘ent in compressible ........-
5. Bellyless vehicles, ;nsing either wvheels or tracks have been shown to “ B
approach the ideal form for deriving floa.t,ation and traction from ' .“"‘"
weak soils. Using conventionmal running gear conponentry houevér
they tend to have high centres of gravity and are narrower than _-
‘ équi.vnlcnt belly type vehicies having si;nilar physical characteristics. ! -

These tuo factors contribute to igstability partimliﬂy on scils
or smovs of varying streangth and on certain hard ground obstacles.
There is obviously an optimum compromise for various classes of

vehicle snd this appears worthy of investigation.

6. The unwritten law of idéntity of unit size an_a forn in two unit

articulated vehicles which is followed by many designers does not

ve 0153

' soils has been the subject of limited investigation.
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appest vell founded. There appesrs to bo scape for tmk—eb;el
or wheel-track arrangements or for belly-bellyless combinations
where these can be shown to offer advantasges. It appears highly
probable that, for emample, the optisum size and form of s front
wait vhich carries the crev and propulsion sechsnism is different
from that of a rear unit which carries the paylosd. There is some
-evidence that t& units of & two unit train wake unequal contrid-
utions to the overall trsctive effort and this fictor should be

congidered in determining the overall wvehicle form.

7. Air cushion vehicles and partial air cushion support of comveational
sehicles appears to have little application in vehicles .of the size
aod type being considered however the technology sbould be examined.

ADY

8. To examine the effect of vehicle form on mobility in the Canadian
Arctic snd Sub Arctic and establish optimm forws for various '

sizes up to 15,000 1b g.v.w.

e m—

9. The following factors shall be considered: V
a. the nature and frequency of occurrence of mobility limiting
terrain features (Project 1),
b. the performance of the variod; forms ;tudted in each of the
1initing terrain features, |
¢. the initial cost, nfc time cost .aud operating cost of the

various forms g
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4. the utility of the various forus to fill the roles out-

1ised in the ——— applicable operational requiresents.

10. The use of .uhceled and tracked vehicles of single or multi unit
configuration should be studied.

u.'m use of unconventional mesns of support sod propulsion shculd
be exanined alone and in conjunction with more counventional tech~

aiques.

12. Mobility enhancement techniques which m be applied to conventionsl

ﬂ mmﬁuoul vehicles should be investigated.

13. Optioun vehicle forms for various sizes and areas of operation should

be proposed. .

- COIRMENT

1é. This project is closely associated vith Projects 4 and 5.

1%, As there 1: a relationship bdetween vehicle forn and vehicle size
it seens desiradble initially to place emphasis on a range of sizcs
which reflects likely operational requirements. The range up to

15,000 1b gvw is suggested.

eeel53




PROIECT N0 4
ARTICULATED VEICLES
BACKCROUD

1. The concept of the articulated tracked vehicle has existed since

the early 20th ceatury. The development of practical steering

systens for rigid vehicles during the First torld War inhibited
development of the articulated form and there was little, if any,

practical application of the principle until the early 1950's.

2. While it has been shown that the application of the articulation
principle results in emhanced p‘r!me of small vehicles and
sllows the construction of practical vehicles capable of carrying
very large payloads :he sechanics of the coupling process has not
been fully explored.

3 The original light articulated test rig used to demonstrate the
principle consisted -of two identical units coupled by ball joint(s)
‘at a poiat on their longitudinal centre line, m joints pro-
vided freedom in roll a‘nd pitch and steering was obtained by comtrol
of yau. This bas; concept has persisted and beem repeated in

successor vehicles. ,

4. There is evidence that ia certain conditions the two units of a BN

vehicle make quite different contributions to the ret tractive
effort of the vehicie. There is also evidemce that frecdom in the o ____

roll plane detracts from performaoce in cooditions vhere there is -

“eeel56




5.

6.

METHOD

-"-

s vide local variation in soil strength. Performance im crossing
certain classes of obstacle is reduced by the large space which
exists between the tracks of the two units and the space betveen

the two hulls leads to reduction of speed in wgter. -

fn teras of component design it is apparemt that peak loads on
individual running gear cowponents in a vehicle ﬁicl.l behaves as

a single rigid unit will be different from those in one where

the two units _behan essentially as two small vehicles.

Thege fa;to:s' and others n;unt that the current method of coupling ’
is not necessarily the best. An inv_estipthn of various coupling
techniques with various degrees of constraint in the i:lanes of artic-
vistion is required. Promising techmiques may be investigated by

full scale'or sub-scale cesting.

To lﬁestigate the influence of the coupling of the units in an

srticulated vehicle on vehicle design.

The forces and moments eristing between the units of a simply artic-

ulated vehicle operating under various conditfions should be identifij.d

and evaluated.

The effects of imposing constraints on the freedom of motion in -

pitch and roll on the performance of a vehicle should be investigatuc.

RIS |
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The tractive effort produced by esch unit of an articulated
train under varying operating conditions should be determined

and the effect of constraints observed. -

The effcct of variation in relstive sizes of the units of an artic-

ulsted train on vehicle performance should be investigated.

The requirenents for the propulsive mechanise of each uanit should
be considered and recommendations developed oﬁ the use of wvheels
or tracks or & combination of both should be made.

The various methods of coupling the units of an articulated vehicle
sbould be exﬁnined in the light of the above data and promising

techrniques should be evaluated by test.

The work stould be prosecuted to the point that practical alterna-

tive vehicle designs are proposed.

“Olsa




PROJECT 8O 3
EYBRID VEMICLES

1. There are many sethods of support and propulsion availsble to the
- vahicle designer, ecach has particular virtwes in certain operating _
envirompents none is of truly universal application. In atteapting
the combiastion of two or more techniques into a single vehicle the
zesulting hybrid generally seems to emphssize the worse features of.
each technique. '

2. Iu the cxamination of the articulated vehicle (Project 4) the pos-
sibility of creating an operating enviromment in vhich it may be -

possible to a coabination of vheels and tracks has been suggested.

i3

3. Towed air cushion rafts in which the propulsive and supporc functioas
sre separated have shown promise in certain types of northerm oper-
- ation. The extension of this principle to an integrated vehicle
-; 'uy hold sone promise. Early work in this direction concentrated
_ on the use of light wheeled chassis and achieved only lin:ltéd succus
h. The walking machine which in its pure form seems to Preseat conslder--
..‘ able decign problems may frovlde an nttracuve' and viable mechanisz
. in cozbination with other means of support and/or propulsion.
) AM

5. To examine the potential of hybrid vehicle systess.
!‘ . on . . . » ) o..159 . R
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1 12. Formulate a prograz to develop promising combinations.

T.

10.

11.

required.

retablish operational missicn profile.

Nefine the basic physical pnuiten of the vehicle likely to be

Reviev the state of art in varicus methods of support and propulsion.
1dese should include wheels of varicus types and forms, applied trac-~
tion dov.ces, tracks, air cushions, air screws, archimedisn screws,
ulﬁu device_:. skis, etc. .

Lstatlish the performance of typical vehicles euployi:n; sfngle systea
asupport /propulsion device in the terrsin defined in the operational -
mission profile. Terraia factors ltatt:lng' performance should be
rdestifted. | '

Ixanine combinations of various systems of Mrt and'propulsién
ucking an optimum combination of performance characteristics. The
part time u.u‘of auxilliary means of support or propulsion to traverse
particular classes of terrain should be -consideted. Air cushiong,
air screvs, skis etc. should 'bc considered both as primary and

auxtlliary systems. o ST

Reviev the logistics implications of preuising cocbinations and re-

exanine the physical paraveters of practical vehicles.

oo dS9
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MOET 6

SUSPENSION SYSTEMS

BACKCROUND

1.

~2

3.

40

Suspension systen for rigid vheeled nd tracked vehicles have been
extensively investigated. Research ani developwent programs by
industry and by governmental agencies have establizhed computerized
design techniques and lead to well defined design principles. The
sprioging media f_ot use in these suspension designs have formed the
subject of similar 'intmc‘uuly. Neither of these fields is likely
co form a fruicful field of inmtiuuon in a3 relatively lov bhdget

progras.

Thece has been little study of the requircments for the suspension
for an articulated vehicle and it appears that these differ frcm
those of_a rigid vehicle.

7The units of an articulated crain interact in the pitch and roll

modes of vibratica. The extent and nature of this inieraction may

o¢ variud by the design of tkre coupliagiechanisu and has an iaflueace

on the requirezents of the suspension systems. .

There is a possibility chat the weight, cost and ewplexlty of the
suspension systen can Le reduced if the effect of unit interaction
1s detuvined and the data establiched applied to design of suspen:-

fons specifically for the articulated case.’

..-/60
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5. to determine the requirements for suspension systems for articulated

METHOD

7.

" 10.

+shiclus and to propose practical designs.

‘The sction the suspension system and ruuiunt vehicle oscillation
vhould be determined for passage over verious ground forms and
obstacle types either by snalysis or by experiment or by a combdin~
atioa of experimental and analytical techniques.

“he mature and effect of the interaction between units when the train

passes over various terrain types should be determined.

The effect of varying suspension system parameters should be deter-
sined, particular attention should be paid to wheel movement vs

sftective spring rates.
An enélysil of the suspension systen requirements should be made.

ke nced for high resilience damped systems should be examined

.igamsc the capability of low resilience articulated suspension

systees.

The requirements should be illustrated by practical designs.

oco,‘l
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PROJECT KO 7

NICH FREQUENCY VIBRATIONS IN VEHICLES

BACKCROUND

1. Bizh frequency vibrations usually im the form of noise sre the
principal factor contributing to the creation of enviroomental
coonditions ﬁthin military vehicles lying ai or close to the
limits of husan endurance. The problem exists in both wheeled
sad tra.ked vehicles although the latter normally produces the
wcrse conditicns. It is virtvally impossible to eliminate vibra-
t10as once tae vehicle dc#ign has become fﬁ, thereforc astion

—.';‘:.t boe tzkes ar the dasizn stage to minimize or el:'uniute sources

of vidration.

2. Thave ara o nuxher of scurces of vibration over which some degree
of cortrol may be exerced. They include: h
8. eagine vibratioe end noise,
b. transmission gear noise,
c. t:a_ck to strocket contact vibtatlon-,

d. vihration iﬁdm:v:t! by vheel to rrack or ground comtact. .

AT

3. To iuvestigate the causes of vidbration in military vchicles and to

provide design criterfis for noise reductiou.

.eel62
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4. %2 sourse and‘ uti: .f vidbrstions in s typical vehicle should “.
sntlvsc: and methods of u_ductu or eliminating them studied, these
sho:1d fnclude: '

s. sprocket to track tooth ehgagmt. design of sprocket for
aininum vitration, the potutm of friction drives or '
pert fricction drives, the support of the track on the
sprocket.

| track and/or grouser pitch for opth.t- cowbination of
low vibration and high tractica. |

e. ud vhecl design for ninimum vibrstion, use of paeumatic
or vﬂ-pnem:ic tircs, resilient wvheels etec.

d. the ‘appn'ation of vibration damping mountings in all

~ sppliceble areas.

5. following the anslysis and confirmetion testing a series of design
‘eriteriz shculd be foraulated setting out acceptable limits cf

vibration from varicus sources and approved techniques of attaining

these levels.

oo-l‘]




FROJECT W0 8

VEHICLE TERRAIN INTERACTION

BACKGROUND

1. 1 spite of considerable research in this field since the Second

¥cr'd Har there has been, with one or two notable exceptions,

[}

virrually oo advance in the design of the terrain comtacting
tlexents which cam be said to have resulted froa research sctivities.
Design _hanges which have been introduced have tesulted primcipally

from preduct {zmprovenent programs designed to improve durability

and vzl abilicy.
2. The field sppears to be attractive to researchers because it affords

ludug to 2 precise mathematical expression of the tela.tiou—

ships a:isting betwmen soil parameters, track or ;vhee_l ehar‘acter-

irtice ara floazation and effective pull. Unfortumately the ressage
. contained in the extersive putlished research data has not got through
tc the “praziical™ engircer who either fails to understand or docs

vot belinve the message. There is also the third possibility chat

the research has not been relevant to his nceds.

3. Whatiever the reazons there seens to have been singularly little
spplication of the products of vescarch in tvhis field and there

seens fo have been 3 breaxdown in communication between the engin-

eering and research comzunitiec. Any program seeking the maximum
. effect the effort nd money expended wust first close this commun-

0.0,“

A ( : .
C e ' . : opportunities for analytical study of the groumd contact process




tcations gap.

5 4. This program is concerned with the development of & techuology
bsse and the processes o.f zesearch and developienrm: be com-
"\‘ ! bised to produce s demomstrable techmslogy which may be embodied
R 1o the bese. The valldicy sud spplicability of research conducted
>

under the progranm sust, therefore, be established by hardware or

N

technigue development.

5. There are ongcm research activities under the auspices of DREQ
and DRFM. The propose” work in this project is intended to com-

. ?lemens those activities.

to establish their effect on vehicle mobility. In general terms
43 underatanding of cause and effect should allow the development

of hardvare or techniques to allov maxioun benefit to be gained.

Az

7. To exaaine the mechanics of _the vehicle terrain interface and to

develop sn sdvanced technology.

METHND

0 . ——

8. The parametar most uscd to indicate tracked vehicle ability over
soft soils snd snow is zominal ground pressure. It has been showu

that the actual ground pressure exerted by a track is such more

...’.s

' - 6. There are a nuasber of phencmena which require further investigation




10.

 modificetions of :h(u criteria required to suit varistions in track

1L,

1s.

- #Waile e significence of the variation in ground pressure ia rel-

_geiffness should be developed. ]

_ stiffness in bend in onc directior than vhe other in the same

'phne. The gremnd loading phenoaena should be examined for prac-

- 65 -~
thaa the noainal ground pressure usder the ruad vheels and much
less detvesn then. The distribution of pressure varies with the '
aize and number of wheels. It has been shown exper imentslly that
o Ba.Lipass capability of a vehicle equipped vwith a skid type

o. iracasupport excesded that of the same wehicle equipped with
cviventional wvhesls.

suively shallow soils over a bard base is readily appareat the effect
iu very éecp soft soils and snows does not sppear to have been
cotadlished. The importance of this case in the Canadian environment

suggeuty that it shouid be investigated further.

Tte results of the investigation, together with ghose of previous
work siiould suggest optisum road vheel dismeter snd spacing. The

Tbe net beaefit accnﬂng to 'tbe use of skids in place of wheels

should e 1q~resug$r.e¢ ;nd practical design concepts formulated.
v of ode supporiel and lubricat& skids as a means of reducing

abrasina should de examined.

Ic i3 pussidlc to visualize practical tracks which have & greater

tical so0il types and wheel spacings to determine the effect of

noo,é‘




iscreasing track stiffness. If the investigation indicates bemefits

from practical levels of stiffness the various means of obtaining
@ uaidirectionsl increase of stiffoess should be imvestigated. _ e

13. Sae fuvestigation of the genersl Iltut'c of the track to ground con- 1
tacts nechanisa leads naturally to the conduct of similer studies ' i ]..‘3
and experiments in the field of wheel to ground coatact. There s . ' 2=
s=ape £0: improving vaeel or uu' construction to emhance the per- R BB

forusnce of vheels in varying soil conditica and these should be
ersstaed. The-use of uncouventional wheels such as the comvolute -

<ass shosld de cousidered. _ -
14, uhen the nature of the track/vheel to terrain interfacc is established

be undertaken. Improved distribution of ground losding will tend
Lo rcdure damage to tender soil and careful grouser duip‘vin_ : , .‘:i-;

uiriaiz: f¢. The actior of the grouser on tﬂtcring and leaving

the s0il requires careful attention and the possibility of using e

retractable grousers should be investigated. Optimum grouser sizes,
shapes and spacinzfor neximun effort in various soils should be ) -t
develuped and demonstrated with practical seans for reducing the

vidration generated by aggressive grwseis on hard surfaces.

l : ' tmytization of the grouser or lM used to dc;in traction may

15. The Martin track is an =xample of a gtauiethn form of track.
When applied to the M11J) vehicle it developed shrpruingly high
tractive efforts in mud. The matrix de:lign of the Martin track
\ . T
. 1s interecsting snd the reasons for its performance should be o
salysed. o ' o
. ' cesl6? '
o
o
[N
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16. The tracks used on vehicles designed. for use in Northern Canade

have tzaditionally taken the bels and crosslink form. Some interest-
ing vailatioss on this form bave been introduced by the Swedish Army.
There ap'mts to be considerable scope for hpzovcn.nt in the design
of tuck_s for light vehicles and criteria for tensile and transverse
bending strength should be established. The mechanical desiga of

- tracks shouid be investigated and dnucul designs asking use of
atvsace” macerials should be proposed. . - .

17. The effect of lateral stiffoess of tracks on their performance and
zﬁteiag shall be exacined and criteria for stiffaness established.
'Approrv‘l::.e guiding techniques »for'vatiou types of tracke should

be developed.
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TEST AND EVALUATION FACILITIES

BACKCROUND

1. hs systcs proposed for the develcpaent of criteris fof the expres-
t1zm of :xbility requirements and analytical models for the predict-
jor of mobility is based upon the deteruination of practical lisiting
rorditlons involving the use of a standard vehicle.

2. Tiring the development of the system and later during its applice--
tion there is a-n2ed for contirious validation by laboratory and
field torring. This process requires the establishment of a set
of controlled conditions some of whicﬁ iay be varied to represent
the various standard conditions. There i- also & peed for a unnﬁard
vekicle (or vehiélu). |

3. e facilicies established or identified for this purpose mld.

- also be used in the testiug n‘llculuatiqn of prototype or sample
vehicles. To some ext-ent' they already exist efther at the Land
t.;.mnecring Test Establishment or .in the 'Sou. Hechanicl Laboratory at
McCill University. 1t will be ueeuuryln- some cases, however,
either to adapt the ciisttng Afaciuti'es or to develop new facil-

ities to mct' the new requirements.

I=

. & To develop the test and evaluation facilities required to support - o i

che development of a techrology base for modility in the Canadian I{j:;;

T
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$. The pro rs#d technology dw;lopm: progras will lead to the ioclusion
<7 new ﬂ:t&tﬂ: in the cpecit:l&uim used to govern the development
-£ wezicles. The assunption is made that the svailable test facilities.
~eat tie needs of the current specifications and this project is re-

rrictes to the provision of mv facilities to meet nev vequirenents.

6. The ;nisti.ac test and evaluation factlities -&m be mt&d in t.he
1ight ~f the new uqc:unais inposed by the terrain evaluation and
.wt-ul!t:' pradiction system .nd the proposed mobility performance
specification. Whare necessary test faixizu-'m¢ be modified
ot nev facilities provided. The facilities development program will
srohabdly involve: .‘ »

4. the definition of a standard vehicle;.
b. the seiection of a soil cha‘ucuriiiics mcurini ;lcvice
compatible with the nxra; evaluation and mobility pre- .

diction technigues;

¢. the design of goil bins containing a range of probably
thzee cohcsive and two frictional soils and of sufficient . s

size to allow testing of typical northland vehicles.

Facilicies for conditioning and adjusting the water content
of the soils must be provided. A suttablg dynaunoneter for . ;:‘_.jjj
seasuring drav bar pull will be required; this should be

of a type to allow 3ultiple passes of the test vehicle; . ' —

.\‘ ) . . . ‘ ...no'
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é. the identification and selection of typical limiting snd
sub limiting muskeg conditions,
" s. the identification of areas in which chere is & ressonabdle

frequency of consistent near liniting enov conditions. The

sreas should include slopes,

£. the design of simulated rough ground conditions based upen -
W limiting counditions,

g. the design of manceuveradility courses to allov testing under
sisulated (or actual) forest coautuul..nl. ‘ '

b. the selection of wvater obstacles baviang s range of repres-

atative baak conditions.

7. The Swplcmentation of the faeilities development program will involve

the revisicn of the standard test procedures in addition to the con-

struction of the physical plant.

.l.nl




PROGRAM IMPLEMENTATION

1. Ibe overall progrsam wvhich is proposed seeks to establish a tach~

abiogy vase which will serve as a foundation for future sctivities

au the ileld of mobility im the Canadian environmert. This {avolves
the creation of & data base, the comduct of a related state of art
Géwlicprent prograa and the appraisal of the potentisl of Cansdian
industyy. It h 8 relstively large pregram of closely related

activities.

1t is sgpereat that the firsc ct;p u the implementation process

svst be 4 zevies of the progosed program to determine whether or

B0t it meets the meeds of the Force. The prograa in whole and

detzi] is based on the concept that it is first uc-:emry to establish
& Yqse line; s».ibuq;aent activities then follow a pyramidal logic.

it it is found necessary to make ehugu.‘in the pregram before
aplcmcatation it 1s inpbtuat that the concept be recognised and a
couscicus cffort be made to avoid building pyramids from the rop

[

1t may be desirable for adninistradve purposes to divide rome of
the proposed projects into a number of sub~projects. This 1is possidble
ad 'pmu:ical provided the correct relationship {s maiantained with

other related projects.

The detailed implenentation of the project depends largely on

jotermal DND factoras, puncipall.y‘the .vu(labillty of resources and
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6.

N
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the organizatiocnsl structure of the resesrch aad development
commmnities. The program and most of the elements im it inmvolve
both rcsearch and development and im formulating it so conscious
eticet has bal sade to distinguish betveen thuse tvo functioas.
it 23 2wsential for success that there be no discomtinuity bet-
veen Tesaarch and developaent utivi:iu and the implementation
plan aust enasure this.

The avaiisbility of resources is obﬁuly s highly significent
factor. The nature of the prograa is such that if prosecuted at
fa eptivd Jevel substantial progress tovsrds its ;vbjcctim should
B¢ wade in ~dout five years. It may be possible to spottu this
slagatly aad it u certainly pouibl; to extend ic. In opting

to «xtend tie time perlod castion must be exercised to svoid a

dificsiun c;f. effort on too wmany profecta.

abe. iapaiemenration plan must provide for: )
a. asintenince of the impecus of the mkra as a ;ahole and
of each element withis it;
b. wsintenanie of continuity of tochai?al logic throughout
the pu:o;:.u; den. A V
c. flexibility to exploit success snd/or to curtail effort

1o areas where success seems unlikely.

PRIORITIES

7. On the assunption that the program is to.De i-plmntéd as proposed

the folloving ciders of priority are suggested:

(X3 ol”
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Priotity 1 - to be conducted st-nuu;auly
a. Establishaent of data base
5. Project do 1 Terrain Classificatiom and hx!oma?g
Pradiction |
€. Project Mo 9 Test and Evaluation Facilities

d. Establishment of Poteatisl of Industry

Priorizy 2 ~ to be conducted simultanecusly
a. Project %o 3 - Vehicle Morphalogy
b. Project No 8 — Vehicle Terrain Ioterface
c. mjec: o 2_- Developwent of Coocepc/Vehicle Evalustion

Tan

Pttatzty":i - the remaining projects taken in sny counvenient order
~ hv!.u due regard for a certain fnterdependence which exists.

8. TNw prio:tﬁies proposed are based on ag optiuum five year program.
Ty M necessary to change them to sccomodate certain ongoing
Tewessch and development activity or to provide support in a spec-
ific f1eld of technology to the MMIV 80 proiect.

SAGELELT

A9. Ai the outse:- of the itudy it wvas hoped that specific proposals
on s unigmut structure could be made. As the progni developed,

' however it becane aﬁpatenl. that it vas a telaéively large under-
taking vhich would réquke the co-opefatton of a sumber of DND
agencies ‘vhosc écla:lonshlpi vttl; and r'espt;ns;veness to .the or1
vere not Lunedistely apparent. It ia ptopopd therefore to suggest

| elT8
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ecriteris vhich should be applied in formulsting the msnagesent

i eewma

plas vithout being specific as to the asture of the plan itself.

10. The asasgement plan -;'ot meet the cosditions set out for the
iaplesentation plan in para 6 above. This requires that:
' 8. the progras dbe funded at an adequate level over an ini:ial
five yoar peried, .
5. the Alerarchal sasagement reviev progress , fundiag and P
manoutunu frequent iatervels and emsure thst
ap sdequate level of effort is m-; msintsined,
e .:rq-nu be made for a comtinuity of tocluur.\u logic
over aa inicial ainisus period of five years,

4. ptwhtoi be made for continuwous review of sctivities at the

chasges mecessary to meintain direction and momentus are
sade.

il. The proposals ia c and d above introduce the notion of a project
techaical director applying substantisl expertise ta the project

-m 8 perind of some five yesrs. It 1s acknovledged that this is . ’.1

a dusftoule zo.al to achieve, it is importang to the success of the ! ]
project howvever that the p-riuctplc be accepted and me substantial

effort be made to achieve at least sn spproximation to this require- . S

]

3
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' ' Jevel st which technical direction is spplied to ensure
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seerion 9

CONCLUSION

1. The study is based on the premise that it is necessary for the

2.

3.

4.

- Capadian Forces to achieve s high level of tactical mobility in the
region extending ;\ortlwatds from about two butdred auu south of

the trecline to the limits of Cansdisn sovereignty. The area embraces
some of the most difficult urrdn in the world which coupled vl_.th

extreme seasonal variations crestes an environment vhich is unique

" to Cenada. -

While it 1s possible to acquire some equipment based 'on earlier
Canaldfan developaent from sources outside Canada and significaat
sdvance in technology for wvehicles to be employed in the unique

Cansdian environment must come from within Canada.

At che outset it is necessary to identify the equipment require-
neuts in precise measurable terms so that cpncépts may be evaluated
and compaced .1'u terns of vehicle performance in specified terrain..
't;bzl iey predlcn‘on. systems vhich claim to possess this capability
vxent and oust be evaluced against the. Cnidtan environment. It
seens ptobable. that a simpler system based on anmalytical comparison

ot the performance of the candidates with a standard vehicle will
be required.

Development of equipmenc at best is an expensive tise comsuaing
process. The developuent of equipment based on little or no previous

technology io‘ukcly to be excessively expensive and time consuaming
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as thi technology 1is deve.lo’d by trisl ani error during the
development program. To develop equipwent, therefore, it is meces~
sary to provide a technology base vhich embodies the state of art
in tli perticular field of eﬁuvm.

5. There is an exteasive technology in the field of ground.mobility
vhich {s expressed in published materisl and dats stored in
llﬁatiu and data banks; much of this is applicable to the Csnad-
tan requiremeat. A check of the DSIS dcta bask produced about SUZ
‘of relevant material known to the (experienced) Mu. it also

. produced wn unknovn to the cbserver. It is apparent ihnt further

sctivity is necessary to produce & reasonably complete state of

srt base in -'ébuity techpology. -

-6, The aét:lon of creating s data base which is aa u'ytenion of the
state of art in mobility technology with particular reference to
the Canadian envirooment emerges. The state of art is known to be
incomplete or 1n.de§utc in many sreas snd a technology development
program will be required to extend and complete it. The development
progran vhich has been proposed concentrates primarily om the two
basic areas wost likely to provide sdvances in capability, vehicle
fora nﬁ vehicle terrain interaction. The combination of the extended
data base and the experience gained in the development prosgram

constitutes a technology base tpr further activities..

7. The co-operation of industry in the development program 1'3 highly

desirable sad the potentisl of industry for participation in this ol
sctivity and any future equipment programs should be deterained at . 1
ooon' . -i
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an early stage.

I

8. It 1s likely tu take about five yesrs at optimun rate of activity
to produce wlnmtul progress tovards the creation of a tech-
-olcgyhu._ In implementing the progrem grest care must be takea

'to maistain the impetus and direction throughout this period,







